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Abstract
Objective: Social Baseline Theory (SBT) proposes that close relationships aid in metabolic resource management and that
individuals without significant relationships may experience more demands on their own neural metabolic resources on a
daily basis when solving problems, remaining vigilant against potential threats and regulating emotional responses. This
study tests a hypothesised consequence derived from SBT: relative social isolation leads to increased levels of sugar intake.
Methods: Based on cross-sectional, self-reported data from the Norwegian Mother and Child Cohort Study (N = 90 084),
information on social integration and the consumption of both sugar-sweetened and artificially sweetened sodas and juices
was obtained from a large number of women in early pregnancy. Multiple regression analyses were conducted to assess
whether loneliness, marital status, relationship satisfaction, advice from others than partner, and cohesion at work is
associated with consumption of sodas and juices.
Results: Perceived loneliness was associated with elevated intake of all sugary beverages, while relationship satisfaction was
negatively associated with all sugary beverages. Being married or cohabitating, having supportive friends, and having a
sense of togetherness at work were associated with lower intake of two out of three sugar-containing beverages. These
associations were significant, even after controlling for factors such as body mass index, weight related self-image,
depression, physical activity, educational level, age and income. In comparison, a statistically significant relationship
emerged between relationship satisfaction and artificially sweetened cola. No other predictor variables were significantly
associated with any type of artificially sweetened beverage.
Conclusions: This study indicates that loneliness and social integration influence the level of consumption of sugary
beverages. The results support the hypothesis derived from the Social Baseline Theory that relative social isolation leads to
increased levels of sugar intake.
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Introduction
This study examines whether there is an association between
social integration and sugar intake, as proposed by the Social
Baseline Theory [1].
The brain is the most metabolically active organ of the human
body. Even in a resting state of non-specific neural activity, it
counts for as much as 20% of the body’s total energy utilization
[2]. The adult human brain is almost completely dependent on
glucose as a source for energy. Unlike other organs, the brain has
very little metabolic reserve because it oxidizes glucose at relatively
close to its maximum rate. Because more than 85% of the glucose
is utilized by neurons, the rate at which the brain oxidizes glucose
is proportional to neuronal activity [2,3]. This implies that specific
neural effort must be followed by a rapid supply of glucose from
the blood in an amount that corresponds with the metabolic cost
of the specific effort [3]. In an illustrative study, Scholey, Harper
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and Kennedy [4] showed that a cognitively demanding subtraction
task was followed by an immediate, significant fall in peripheral
blood glucose. Moreover, by offering a glucose-containing drink to
one group and a placebo drink to the other, they also
demonstrated that glucose intake after a fall in blood glucose
level was associated with better performance on a subsequent
cognitively demanding task. Similar studies were performed by
Gailliot and colleagues [5], who found that different types of
mental effort, such as thought suppression, attention control and
emotion regulation, were followed by an immediate fall in
peripheral blood glucose levels.
Restoring the blood glucose to normal levels after a drop is of
high biological priority. Even a few seconds without cerebral
glucose oxidation will lead to unconsciousness, and after a few
minutes, the death of neurons will occur. In order to counteract a
dangerous glucose shortage in the brain, humans possess a highly
sophisticated glucose regulatory system [6]. In addition to the role
of hepatic glycogen in counter-regulation of hypoglycemia [7], the
brain has the ability to rapidly sense a drop in circulating glucose
and induce a range of other counter-regulatory responses. These
include the secretion of galanin and GABA, which minimizes the
chance of glucose deprivation by inhibiting neural activity, as well
as stimulating cortisol release, which aims to increase blood sugar
through gluconeogenesis in the liver [2,6]. In addition, cortisol has
been shown to suppress insulin secretion from pancreatic b-cells
and impair insulin initiated translocation of the intracellular
glucose transporter, GLUT 4 [8–10]. This leads to decreased
insulin-dependent glucose uptake into peripheral cells and makes
glucose available to the brain via glucose transporter GLUT 1
[3,10,11]. Another set of regulatory mechanisms involves directed
behavior. Naturally, most efficient are behavioral actions that
regulate glucose levels by facilitating exogenous supplies of
carbohydrates from nutritional sources. Indeed, a substantial body
of research has linked different types of demanding mental work to
the subsequent intake of food, with a significant preference for
foods high in carbohydrates [12–18]. This point is thoroughly
discussed by Peters, Kubera, Hubold and Langemann [19] who
have developed a model called the Cerebral Supply-Chain Model,
which explains how both cortisol-induced and eating-induced
supplies of glucose are initiated by the brain during times of
energy-demanding psychosocial stress.
During periods of evolutionary pressure, it is likely that
individuals with efficient glucose regulatory responses have been
evolutionarily favored. Social Baseline Theory (SBT) [1,20,21]
argues that in order to conserve metabolic resources, the human
brain is phylogenetically designed to benefit from social networks
when engaging in demanding mental activities, such as effortful
decision making, creative problem solving and emotion regulation.
SBT uses the principles of risk distribution and load sharing to
explain the brain’s metabolic benefit from social interaction. Risk
distribution refers to how individuals in a group perceive and react
to environmental risk, as opposed to how the corresponding risk
would be handled by socially isolated individuals. For example, as
a group has more eyes and ears than a single individual, effort
toward vigilance against possible dangers in the environment are
distributed across the group. In this way, fewer neural resources
are needed for each group member as compared with the cost of
the precautions and worries solitary individuals must engage in to
ensure a similar safety level. In close relationships, participants
receive benefits beyond those associated with risk distribution.
Load sharing refers to the energy-conserving effects of trust and
interdependence, which are found between, for example, romantic
partners, family members and close friends. In close relationships,
the members tend to engage in behaviors that facilitate one
another’s well-being, for example, sharing resources, sharing goals
and assisting in problem solving [22]. Central to SBT is the notion
that ‘‘as an individual becomes accustomed to load sharing, his
social system becomes an extension of the way his brain interacts
with the world’’ [1]. The theory proposes that such ‘‘outsourcing’’
of mental work is particularly beneficial in the regulation of
emotional responses because self-regulating processes supported by
the prefrontal cortex are believed to be more metabolically costly
than most other cognitive processes. Thus, socially mediated forms
of emotion regulation may have significant energy-conserving
advantages [1,23,24]. According to SBT, due to the evolutionary
benefits of adjusting to the principles of risk distribution and load
sharing, the human brain leans on social resources as a default
strategy: ‘‘the human brain is designed to assume that it is
embedded within a relatively predictable social network charac-
terized by familiarity, joint attention, shared goals, and interde-
pendence’’ [1]. A violation of this ‘‘baseline assumption’’, however,
signals the need for increased threat-related vigilance and
reactivity. Thus, socially isolated individuals regulate their
emotions at a higher metabolic expense compared with socially
integrated individuals. In sum, SBT predicts that relative social
isolation requires more neural metabolic resources in order to both
manage daily life routines and to regulate emotions. This
hypothesis builds on research showing that neural systems that
support self-regulatory efforts are less active when social support is
provided [20,24]. Furthermore, in a context in which social
support is provided, the down-regulation of neural response is a
function of relational quality. In an fMRI-study conducted by
Coan, Schaefer and Davidson [25], 16 women were confronted
with the threat of a mild electric shock while either alone, holding
a stranger’s hand, or holding their partners’ hands. While holding
their partners’ hands, the women in the highest-quality relation-
ships showed the least threat-related brain activity. When holding
a stranger’s hand, the level of threat-related activity increased as
compared with holding the partners’ hands. Finally, when exposed
to the threat of shock without the support of handholding, the
threat-related brain activity reached its highest level.
Given that socially isolated individuals frequently demand extra
supplies of glucose from the blood to maintain optimal brain
function, one might expect elevated intake of food and beverages
that rapidly elevate blood glucose in this group [19]. This
assumption is consistent with findings showing that low levels of
emotional support predict the higher intake of carbohydrates [26].
On the basis of these findings and in accordance with the
framework of SBT, we expect to find a covariance between
loneliness and social connectedness on the one hand and
consumption of sugar on the other.
Hypotheses
Sodas and juices contain high amounts of sugar and are highly
available in western societies, easy to grab and convenient to drink.
The per capita consumption of soda and juice in Norway is among
the highest in the world [27]. Therefore, sugar-containing sodas
and juices are likely to work well as an indicator of intake of sugar
that has the ability to quickly provide glucose to the bloodstream.
The main hypothesis (H1) of the present study is thereby that
degree of loneliness and social connectedness are associated with
degree of intake of sugar – in the form of sugar-containing sodas
and juices. However, sugary beverages consist of more than just
sugar. If the null hypothesis of H1 should be rejected, indicating
that less socially connected people consume more soda and juice
than their more socially integrated counterparts, sugar may not
necessarily be the reason for the higher intake (it could be the
sweet taste, the water, the citric acid, or any of the other
Loneliness, Social Integration and Sugar
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components that sodas and juices consist of). To clarify the role of
sugar in the potential relationship between social connectedness
and intake of sugar-containing drinks, an additional hypothesis
may be useful (H2): degree of social connectedness is associated
with degree of intake of artificially sweetened sodas and juices. If
the null hypotheses of both H1 and H2 should be rejected, we
cannot claim that intake of sugary soda and juice related to social
connectedness necessarily is an expression of attractiveness to
sugar. If, however, we reject the null hypothesis of H1 but not the
one of H2, indicating that less socially connected people consume
more sugary drinks but not more artificially sweetened drinks, we
can conclude that there is a strong indication that sugar is the key-
component of these relationships. In this study, we were able to
extract these variables from a huge pregnancy cohort.
Methods
The Norwegian Mother and Child Cohort Study (MoBa) is a
prospective population-based pregnancy cohort study conducted
by the Norwegian Institute of Public Health [28]. In the period
1999–2008, all hospitals in Norway (except two) with more than
100 births per year invited pregnant women to participate in the
study provided that they could read Norwegian. They received a
postal invitation three weeks before the ultrasound examination
routinely offered to all pregnant women in Norway. 38.7% of
invited women consented to participate, and the cohort now
includes 109 000 children, 91 000 mothers and 71 700 fathers.
Blood samples were obtained from both parents during pregnancy
and from mothers and children (umbilical cord) at birth. Follow-
up is conducted by questionnaires at regular intervals and by
linkage to national health registries. Several sub-studies are
conducting additional collections of data and biological materials.
The current study is based on version 7 of the quality-assured data
files released for research on October 17th 2012. Informed consent
was obtained from each MoBa participant upon recruitment. The
study was approved by The Regional Committee for Medical
Research Ethics in Western Norway.
Participants
The present study includes women participating in the MoBa
study for the first time. Women who participated multiple times
only provided data regarding their first participating pregnancies,
and participants with diabetes type 1 were excluded. The included
participants (N=90 084) had a mean age of 29.2 years (std.
deviation 4.40). Among them, 46.5% were married, 50.7% were
cohabitating, and 2.8% were single. The average level of
education was higher for the sample than for the general
population of women aged between 16–49 years (official statistics
from 2008 in brackets): compulsory school, 3.3% (28.1%);
vocational school/three-year college, 34.9% (34.8%), and univer-
sity/higher education, 61.7% (34.4%).The full sample has been
compared with the general population of pregnant women in
Norway and is described in more detail elsewhere [29].
Measures
MoBa collects many diverse variables. Of special interest for this
study were sugar-containing beverages and five factors reflecting
aspects of social connectedness: loneliness, marital status, couple
relationship quality, social support from others than the partner
and perceived cohesion at work.
To measure the consumption of sugar-containing sodas and
juices, participants were asked three questions. They were asked to
report how many glasses of 1) sugar-containing cola, 2) other
sugar-containing soda products, and 3) sugar-containing juices
they had been drinking daily during the last 17 weeks. To be able
to assess whether potential associations between social connected-
ness and sugar-containing beverages are related to attractiveness to
sugar, we also included reports on how many glasses of 1)
artificially sweetened cola, 2) other artificially sweetened sodas, and
3) artificially sweetened juices the participants had been drinking
daily during the same period. A table for converting bottles and
large glasses into the standardized study unit (1 glass < 2cl) was
given in brackets next to the questions. For the purpose of this
paper, the numbers of reported units of the six groups of beverages
were respectively divided into seven categories spanning from ‘0
units’ to ‘6 or more units’.
Loneliness was measured by a five-point scale spanning from
‘‘almost never’’ to ‘‘almost always’’ based on a single item: ‘‘Do
you often feel lonesome?’’
Marital status was measured via the following categories:
‘‘married’’, ‘‘co-habiting’’, ‘‘single’’ and ‘separated/divorced’. To
group the participants that were not in a relationship, ‘‘single’’ and
‘‘separated/divorced’’ were collapsed into one category.
The full ten-item version of the Relationship Satisfaction Scale
was used to assess the quality of the co-habiting or married
participants’ relationships. The scale was developed for the MoBa
and based on core items used in previously developed measures of
marital satisfaction and relationship quality [30–32]. The scale has
a six-step scoring format spanning from 1, ‘‘totally agree’’, to 6,
‘‘don’t agree at all’’. Examples of items are as follows: ‘‘My partner
and I have problems in our relationship’’, ‘‘I am very happy in my
relationship’’ and ‘‘My partner is generally very understanding’’.
In the current sample, the scale had a Cronbach’s Alpha of 0.90.
This scale has been used in previous studies [33,34].
Social support from other than the partner was measured via one
item: ‘‘Do you have anyone other than your husband/partner
whom you can ask for advice in a difficult situation?’’ There were
three response categories: ‘‘no’’, ‘‘yes, one to two people’’ and
‘‘yes, more than two people’’.
Perceived cohesion at work was measured by one statement:
‘There is a great cohesion at work’, and four response categories
spanning from ‘agree’ to ‘not agree at all’. For the purpose of the
present analysis, the scoring scale was reversed.
Control variables
Eight control variables that may influence the level of intake of
sodas or juices were included: participation in sports, physical
strain at work, body mass index, weight related self-image,
depression, age, level of education and income.
Because sport activities and other physical strain increase thirst
and energy utilization, they may influence the level of soda or juice
consumption. We therefore included measures for engagement in
sports and other physical activities, as well as physical strain at
work. Sports was measured by 14 items covering activities such as,
‘‘running’’, ‘‘biking’’, ‘‘horse riding’’, ‘‘dancing’’, ‘‘walking’’ and
‘‘fitness studio’’. The respondents were asked how often they had
exercised during the first 17 weeks of the current pregnancy.
There were five response categories: ‘‘never’’, ‘‘1–3 times per
month’’, ‘‘once per week’’, ‘‘twice per week’’ and ‘‘3 times or more
per week’’. Physical strain at work was based on a single item, ‘‘My
work is physically hard’’, and was measured on a four-point scale
spanning from ‘‘correct’’ to ‘‘not correct’’.
Individuals with high body mass index (BMI) scores tend to
have elevated carbohydrate intake in the absence of hunger
compared with normal-weight subjects [35]. Thus, specific
mechanisms related to overweight may account for some of the
variance in the consumption of sugar-containing beverages. We
therefore included BMI as a control variable. BMI scores were
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calculated on the basis of self-reported height and weight at the
beginning of pregnancy.
Weight concerns related to self-perceptions, for example,
internalization of the ‘‘thin ideal’’, may impact eating behaviors
and dieting [36]. We therefore included a single-item variable
reflecting weight concerns motivated by self-image: ‘‘Is it important
for your self-image that you keep a certain weight?’’ There were
three response categories: ‘‘Yes, very important’’, ‘‘Yes, somewhat
important’’ and ‘‘No, not particularly important’’.
Depression has been linked to a desire for sweet foods [37,38]
and may therefore explain a potential association between social
interaction and consumption of sweet beverages. Depression was
measured based on one item from a checklist covering a wide
range of diseases and health problems. The respondents were
asked to mark whether they had or had had ongoing depression
during the first 17 weeks of the current pregnancy.
Age is associated with the level of soda consumption, with young
people consuming more [39,40]. In this study, age was measured
as age in years at the point of the study.
Higher educational levels are associated with lower consump-
tion of sugar-containing soda [39]. Educational level was
measured by six categories, from public school to .4 years of
university/college.
A low level of income has been associated with high
consumption of sugary drinks [40,41]. Here, we measured
maternal income by dividing it into seven categories, from 1=
no income to 7 $ NOK 500,000 (< EUR 66,000).
Statistical analyses
All statistical analyses were conducted using the IBM SPSS
Version 21. To determine the bivariate associations between the
main predictor variables and the outcome variables, Pearson
product moment correlations were computed. The associations
between the main predictor variables and consumption of cola,
soda and juice (sugar- and artificially sweetened) were tested via six
separate linear multiple regression analysis, one for each type of
beverage as an outcome variable. The analyses were performed
with the simultaneous entry of all predictor variables, including the
following control variables: participation in sports, physical strain
at work, body mass index, weight related self-image, depression,
age, level of education and income. Because the participants did
not necessarily report on all questions concerning consumption of
beverages, the different models are based on different sample sizes.
Results
First, bivariate correlations were computed between scores for
loneliness, relationship satisfaction, advice from others and
cohesion at work, and the six outcome variables. Pearson product
moment coefficients as well as mean scores and standard
deviations of scores for consumption of soda, cola and juice are
given in Table 1. The results of the bivariate correlational analysis
showed that all social factors were significantly correlated with
scores on all sugar-containing beverages in the predicted direction.
The social factors were also significantly correlated with scores on
most of the artificially sweetened beverages. All correlations were
generally weak, but consistently stronger between the predictor
variables and the scores for sugar-containing beverages than
between the predictor variables and the scores for artificially
sweetened beverages. Next, a series of regression analysis was
performed (see Table 2) to develop three separate models for
predicting scores for the intake of sugar-containing cola, sugar-
containing sodas (other than cola) and sugar-containing juices,
from scores for loneliness, marital status (co-habiting and married),
relationship satisfaction, advice from others and cohesion at work.
All models were statistically significant; Model 1: (dependent
variable: sugar-containing sodas) F (14, 28494) = 205.395, p,.001;
Model 2: (dependent variable: sugar-containing cola) F (14,
25655) = 150.331, p,.001; Model 3: (dependent variable: sugar-
containing juices) F (14, 50040) = 71.502, p,.001. The models
explained 7.5% (adjusted R2 = .075), 9.1% (adjusted R2 = .091),
and 1.9% (adjusted R2 = .019) of the variance in consumption of
the beverages, respectively. Results from the regression analysis
showed that high levels of perceived loneliness were positively
associated with high levels of intake of sugar-containing soda.
Significantly negative relationships emerged between both rela-
tionship satisfaction and advice from others than partner, and
sugar-containing soda. Marital status and cohesion at work were
not statistically significantly associated with consumption of sugar-
containing soda. As shown in Table 2, all six variables related to
social interaction were significantly associated with self-reported
levels of intake of sugar-containing cola. A high level of perceived
loneliness was associated with high levels of cola intake. Negative
associations were found between cola intake and relationship
satisfaction, being married (compared with being single), cohabi-
tating (compared with being single), the possibility of seeking
advice from others than the partner, and perceived cohesion at
work. Table 2 also shows that high levels of perceived loneliness
were associated with high levels of consumption of sugar-
containing juices. Negative associations were found between
relationship satisfaction, being married (compared with being
single), cohabitating (compared with being single), and perceived
cohesion at work on the one hand, and consumption of sugar-
containing juices on the other. In this analysis, the possibility of
seeking advice from others than the partner was not significantly
associated with consumption of sugar-containing juices.
Finally, three equivalent analyses, with the inclusion of the same
control variables as included in the models above, were conducted
for artificially sweetened soda (other than cola), cola and juice as
outcome variables. The models were statistically significant: Model
4: (dependent variable: artificially sweetened soda) F (14,
24208) = 74.772, p,.001; Model 5: (dependent variable: artifi-
cially sweetened cola) F (14, 29282) = 177.886, p,.001; Model 6:
(dependent variable: artificially sweetened juices) F (14,
26603) = 62.250, p,.001. The models explained 4.1% (adjusted
R2 = .041), 7.8% (adjusted R2 = .078), and 3.1% (adjusted R2 =
.031) of the variance in consumption of the three types of
artificially sweetened beverages, respectively. Table 2 shows that
none social factors were significantly associated with consumption
of artificially sweetened soda (other than cola) or juices. A
significant negative association was found between relationship
satisfaction and consumption of artificially sweetened cola. No
other social factors were significantly associated with consumption
of artificially sweetened cola.
Discussion
Overall, our results confirmed that perceived loneliness was
associated with elevated intake of sugar in the form of soda, cola
and juice. High levels of relationship satisfaction, on the other
hand, was negatively associated with all three types of sugary
beverages. Other aspects of social connectedness such as being
married, having supportive friends, and having a sense of
togetherness at work were associated with lower intake of two
out of three types of sugar-containing beverages. These associa-
tions were statistically significant, even after controlling for factors
such as body mass index, weight-related self-image, depression,
physical activity, educational level, age and income.
Loneliness, Social Integration and Sugar
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Although the associations were weak, all of the five tested social
factors were significantly associated with consumption of at least
two types of sugar-sweetened beverages. In the regression analyses,
statistically significant relationships did emerge as predicted in 14
out of 18 cases. The systematic structure of these results suggests
that the associations found in this sample were not coincidental.
Hence, these results support the main hypothesis of the study
proposing that perceived social isolation, as well as perceived social
integration, influence consumption of sugar-containing sodas and
juices. The assumption that sugar is a key component of the
relationship between relative social isolation and intake of sugary
beverages is supported by the analyses that included artificially
sweetened beverages as outcome variables. Most of the variables
were significantly correlated in the bivariate analyses. However, in
the regression analyses, after isolating the unique contribution of
the predictor variables by controlling for scores on BMI, physical
activity, weight-related self-image, depression, and demographic
variables, a statistically significant association with an artificially
sweetened beverage emerged in only one out of 18 cases. These
results are in a striking contrast to the number of statistically
significant relationships that emerged for scores on sugar-
sweetened drinks. This may be interpreted as a strong indication
that the associations between social connectedness and sugar-
containing beverages in a great part are counted for by the sugar,
and to a less extent by any of the other components that soda and
juices consist of. However, these findings do not rule out the
possibility that other components than sugar may also come into
play. One candidate is the caffeine in cola. Caffeine is a central-
nervous-system stimulant that has been shown to increase
vigilance, alertness, mood, ability to concentrate and ability to
solve problems [42]. As the results show, sugar-containing cola is
the only variable that was significantly associated with all main
predictor variables. In addition, there was a significantly negative
association between high levels of relationship satisfaction and
artificially sweetened cola. Moreover, the independent variables
had a greater effect on sugar-containing cola than on the other
dependent study variables. This may be taken as an indication that
caffeine might partly count for the associations found between
social connectedness and cola. However, the general pattern of the
present findings indicates that sugar is the factor mainly
responsible for the associations between social connectedness
and intake of sugary sodas and juices.
To date, very few studies have focused on the associations
between social integration and intake of sugar-sweetened bever-
ages. One exception is a study by Cacioppo and colleagues [43], in
which no significant association was found between loneliness and
soda consumption. This finding was based on data from a group of
89 participants and might have suffered from insufficient statistical
power. A number of studies, however, have found significant
associations between social factors and food consumption. For
example, in an experimental study by Baumeister and colleagues
[44], it was found that social rejection caused participants to eat
more sweet food than non-rejected participants. In a population-
based cohort study conducted in Finland, it was found that low
levels of emotional support (among women) and being single or
divorced (among men) were the strongest predictors of elevated
levels of high-carbohydrate food consumption [26]. Moreover,
researchers have also found significant associations between
loneliness and overeating [45,46]. Thus, the present results seem
to be consistent with previous research on the links between social
factors and nutritional intake.
The dataset used in this study did not include information on
brain metabolism or blood glucose levels. Nevertheless, Social
Baseline Theory [1] provides a possible explanation for the
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association between loneliness and intake of sugar-containing
beverages that is related to relative neuronal hypoglycemia. The
theory proposes that the human brain is phylogenetically designed
to utilize support from social networks to save metabolic resources
when engaging in demanding mental activities. As a logical
consequence, individuals who perceive themselves as socially
isolated must spend more neural resources on a daily basis due to
the metabolic expenses of solitary strategies for problem-solving,
emotion regulation and vigilance against threats. As pointed out
previously in this article, when neural metabolic activity and brain
glucose utilization is high, then the rapid restoration of glucose
supplies is required. Lonely people may have higher neuronal
metabolic activity, which requires greater glucose supplies, and
hence consume more sugar than their more socially connected
counterparts. Because sodas and juices are easily accessible sources
of sugar, the observed associations between relative social isolation
and intake of sugar-containing beverages may reflect an expression
of brain glucose regulatory mechanisms [2]. In contrast, consistent
with the hypothesis that individuals profit metabolically from the
energy-conserving effects of close relationships, the present results
showed that perceiving ones’ romantic relationship as satisfying
was significantly associated with lower levels of consumption of
sugar-containing beverages. This corresponds with an fMRI based
study of social regulation of the threat-related brain activity
demonstrating that down-regulation of neural response was a
function of marital quality [25]. Further support for the hypothesis
that individuals profit metabolically from social relationships is
provided by the findings that being in a relationship, having
supportive friends, and experiencing cohesion at work were
associated with lower levels of consumption of two out of three
types of sugar-containing beverages.
Some limitations of the present study should be acknowledged.
The analyses were conducted based on the expectation that social
factors predict the intake of sugar-containing beverages to some
degree. However, a cross-sectional design does not make it possible
to determine the causal relationships between research variables.
On the other hand, the fact that casual directions have been
demonstrated in corresponding experimental studies makes it
reasonable to interpret the present results as done above.
Moreover, it is challenging to see how a weak tendency to
consume soda should, for example, cause changes in marital status
or cohesion at work. Another concern is that despite the inclusion
of several control variables, we cannot rule out the possibility that
the present results may be partly explained by confounding
variables not taken into account in this study. Another limitation is
that this sample consisted of women in early pregnancy. The fact
that pregnancy is associated with food craving [47] suggests that
the scores for consumption of sweet beverages may differ between
pregnant and non-pregnant woman. It should be noted that this is
a limitation in terms of the generalizability of the findings, but not
a limitation in terms of the assessment of the main hypothesis.
However, pregnancy may be a period when women require more
social support in terms of emotion regulation and practical
preparations for the future. The lack of social support during
pregnancy may therefore lead to a higher degree of neural
activation than would otherwise occur. The associations between
social factors and sugar intake may therefore be lower in the
population of non-pregnant women. Gender differences may also
come into play because men, in general, report a lower level of
craving for sweet foods than women [18,48,49]. Future studies
should therefore be based on samples including men and non-
pregnant women, and also include consumption of non-sweet
carbohydrates as outcome variables. Another limitation is that this
study was based on self-report questionnaires and the data may
therefore be subject to reporting bias.
Conclusions
The aim of this study was to test a hypothesis derived from the
Social Baseline Theory that relative social isolation and social
connectedness influence the level of consumption of sugar. The
results from a series of regression analyses support the hypothesis
by showing that loneliness and social connectedness is associated
with degree of sugar consumption in the form of sugar-containing
sodas and juices. This is the first time the present hypothesis has
been tested in a large-scale study.
Table 2. Multiple regression analyses: predicted scores for consumption of soda (other than cola), cola and juices from scores for
loneliness, marital status (co-habiting and married), relationship satisfaction, advice from others, and cohesion at work.
Sugar-sweetened Artificially sweetened
Soda Cola Juice Soda Cola Juice
Loneliness .02** .03** .02** 2.00 2.00 .01
Married 2.05 2.12** 2.09** 2.00 .00 2.05
Cohabitating 2.02 2.09** 2.07* .03 .02 .01
Relationship satisfaction 2.02* 2.04** 2.01* 2.01 2.03** 2.00
Advice from others 2.03** 2.02** 2.00 2.01 .00 .01
Cohesion at work 2.01 2.02** 2.01* 2.01 2.01 2.01
Mean 0.48 0.65 1.84 0.41 1.22 0.70
SD 1.00 1.22 1.36 1.14 1.84 1.30
N 25670 28509 50055 24223 29297 26618
Results are adjusted for scores on participation in sports, physical strain at work, body mass index, weight related self-image, depression, age, level of education and
income.
** Correlation is significant at the 0.01 level (2 tailed).
* Correlation is significant at the 0.05 level (2 tailed).
doi:10.1371/journal.pone.0104421.t002
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Supporting Information Tables S1 to S6 show data from
the multiple regression analyses additional to the information
given in Table 2. This includes mean scores and standard
deviations of the main predictor variables, as well as
unstandardized and standardized regression coefficients, t-test
values and p-values.
Table S1 Predicted scores for consumption of sugar-
containing soda (other than cola) from scores for
loneliness, marital status (co-habiting and married),
relationship satisfaction, advice from others, and cohe-
sion at work. Results are adjusted for scores on participation in
sports, physical strain at work, body mass index, weight related
self-image, depression, age, level of education and income.
(DOCX)
Table S2 Predicted scores for consumption of sugar-
containing cola from scores for loneliness, marital
status (co-habiting and married), relationship satisfac-
tion, advice from others, and cohesion at work. Results
are adjusted for scores on participation in sports, physical strain at
work, body mass index, weight related self-image, depression, age,
level of education and income.
(DOCX)
Table S3 Predicted scores for consumption of sugar-
containing juice from scores for loneliness, marital
status (co-habiting and married), relationship satisfac-
tion, advice from others, and cohesion at work. Results
are adjusted for scores on participation in sports, physical strain at
work, body mass index, weight related self-image, depression, age,
level of education and income.
(DOCX)
Table S4 Predicted scores for consumption of artifi-
cially sweetened soda (other than cola) from scores for
loneliness, marital status (co-habiting and married),
relationship satisfaction, advice from others, and cohe-
sion at work. Results are adjusted for scores on participation in
sports, physical strain at work, body mass index, weight related
self-image, depression, age, level of education and income.
(DOCX)
Table S5 Predicted scores for consumption of artifi-
cially sweetened cola from scores for loneliness, marital
status (co-habiting and married), relationship satisfac-
tion, advice from others, and cohesion at work. Results
are adjusted for scores on participation in sports, physical strain at
work, body mass index, weight related self-image, depression, age,
level of education and income.
(DOCX)
Table S6 Predicted scores for consumption of artifi-
cially sweetened juice from scores for loneliness,
marital status (co-habiting and married), relationship
satisfaction, advice from others, and cohesion at work.
Results are adjusted for scores on participation in sports, physical
strain at work, body mass index, weight related self-image,
depression, age, level of education and income.
(DOCX)
Author Contributions
Conceived and designed the experiments: REH. Performed the experi-
ments: REH. Analyzed the data: REH TT FT. Contributed reagents/
materials/analysis tools: REH FT TT. Contributed to the writing of the
manuscript: REH.
References
1. Beckes L, Coan JA (2011) Social Baseline Theory: The Role of Social Proximity
in Emotion and Economy of Action. Social and Personality Psychology Compass
5: 976–988.
2. Heininger K (2002) The cerebral glucose-fatty acid cycle: Evolutionary roots,
regulation, and (patho)physiological importance. In: Donard SD, editor.
International Review of Neurobiology: Academic Press. pp. 103–158.
3. Hertz L, Dienel GA (2002) Energy metabolism in the brain. In: Donard SD,
editor. International Review of Neurobiology: Academic Press. pp. 1–102.
4. Scholey AB, Harper S, Kennedy DO (2001) Cognitive demand and blood
glucose. Physiol Behav 73: 585–592.
5. Gailliot MT, Baumeister RF, DeWall CN, Maner JK, Plant EA, et al. (2007)
Self-control relies on glucose as a limited energy source: willpower is more than a
metaphor. J Pers Soc Psychol 92: 325–336.
6. Levin BE, Dunn-Meynell AA, Routh VH (2002) CNS sensing and regulation of
peripheral glucose levels. In: Donard SD, editor. International Review of
Neurobiology: Academic Press. pp. 219–258.
7. Kishore P, Gabriely I, Cui MH, Di Vito J, Gajavelli S, et al. (2006) Role of
hepatic glycogen breakdown in defective counterregulation of hypoglycemia in
intensively treated type 1 diabetes. Diabetes 55: 659–666.
8. Ahren B (2000) Autonomic regulation of islet hormone secretion - Implications
for health and disease. Diabetologia 43: 393–410.
9. Lambillotte C, Gilon P, Henquin JC (1997) Direct glucocorticoid inhibition of
insulin secretion - An in vitro study of dexamethasone effects in mouse islets.
Journal of Clinical Investigation 99: 414–423.
10. Wilcox G (2005) Insulin and insulin resistance. The Clinical biochemist
Reviews/Australian Association of Clinical Biochemists 26: 19–39.
11. Hitze B, Hubold C, van Dyken R, Schlichting K, Lehnert H, et al. (2010) How
the selfish brain organizes its supply and demand. Front Neuroenergetics 2: 7.
12. Born JM, Lemmens SG, Rutters F, Nieuwenhuizen AG, Formisano E, et al.
(2010) Acute stress and food-related reward activation in the brain during food
choice during eating in the absence of hunger. Int J Obes (Lond) 34: 172–181.
13. Christensen L, Pettijohn L (2001) Mood and carbohydrate cravings. Appetite 36:
137–145.
14. Epel E, Lapidus R, McEwen B, Brownell K (2001) Stress may add bite to
appetite in women: a laboratory study of stress-induced cortisol and eating
behavior. Psychoneuroendocrinology 26: 37–49.
15. Groesz LM, McCoy S, Carl J, Saslow L, Stewart J, et al. (2012) What is eating
you? Stress and the drive to eat. Appetite 58: 717–721.
16. Kandiah J, Yake M, Jones J, Meyer M (2006) Stress influences appetite and
comfort food preferences in college women. Nutrition Research 26: 118–123.
17. Tomiyama AJ, Dallman MF, Epel ES (2011) Comfort food is comforting to
those most stressed: Evidence of the chronic stress response network in high
stress women. Psychoneuroendocrinology 36: 1513–1519.
18. Zellner DA, Loaiza S, Gonzalez Z, Pita J, Morales J, et al. (2006) Food selection
changes under stress. Physiology & Behavior 87: 789–793.
19. Peters A, Kubera B, Hubold C, Langemann D (2011) The selfish brain: stress
and eating behavior. Front Neurosci 5: 74.
20. Coan JA, Kasle S, Jackson A, Schaefer HS, Davidson RJ (2013) Mutuality and
the social regulation of neural threat responding. Attach Hum Dev 15: 303–315.
21. Coan JA, Beckes L, Allen JP (2013) Childhood maternal support and social
capital moderate the regulatory impact of social relationships in adulthood.
International Journal of Psychophysiology 88: 224–231.
22. Smaldino PE, Newson L, Schank JC, Richerson PJ (2013) Simulating the
Evolution of the Human Family: Cooperative Breeding Increases in Harsh
Environments. PLoS ONE 8: e80753.
23. Coan JA (2010) Adult attachment and the brain. Journal of Social and Personal
Relationships 27: 210–217.
24. Gross E, Proffitt D (2013) The economy of social resources and its influence on
spatial perceptions. Frontiers in Human Neuroscience 7: 772.
25. Coan JA, Schaefer HS, Davidson RJ (2006) Lending a hand: Social regulation of
the neural response to threat. Psychological Science 17: 1032–1039.
26. Laitinen J, Ek E, Sovio U (2002) Stress-Related Eating and Drinking Behavior
and Body Mass Index and Predictors of This Behavior. Preventive Medicine 34:
29–39.
27. Bye EK (1999) Bruk av drikkevarer - hvem, hva og hvor? Lysaker: Statens
Institutt for Forbruksforskning. 8 8.
28. Magnus P, Irgens LM, Haug K, Nystad W, Skjaerven R, et al. (2006) Cohort
profile: The Norwegian Mother and Child Cohort Study (MoBa). International
Journal of Epidemiology 35: 1146–1150.
29. Nilsen RM, Vollset SE, Gjessing HK, Skjaerven R, Melve KK, et al. (2009) Self-
selection and bias in a large prospective pregnancy cohort in Norway. Paediatric
and Perinatal Epidemiology 23: 597–608.
30. Blum J, Mehrabian A (1999) Personality and temperament correlates of marital
satisfaction. Journal of Personality 67: 93–125.
31. Snyder DK (1997) Marital Satisfaction Inventory–Revised (MSI-R) manual. Los
Angeles: Western Psychological Services.
Loneliness, Social Integration and Sugar
PLOS ONE | www.plosone.org 7 August 2014 | Volume 9 | Issue 8 | e104421
32. Hendrick SS (1988) A Generic Measure of Relationship Satisfaction. Journal of
Marriage and the Family 50: 93.
33. Mortensen O, Torsheim T, Melkevik O, Thuen F (2012) Adding a Baby to the
Equation. Married and Cohabiting Women’s Relationship Satisfaction in the
Transition to Parenthood. Family Process 51: 122–139.
34. Rosand GMB, Slinning K, Eberhard-Gran M, Tambs K (2011) Partner
relationship satisfaction and maternal emotional distress in early pregnancy.
BMC Public Health 11: 12.
35. Lemmens SG, Rutters F, Born JM, Westerterp-Plantenga MS (2011) Stress
augments food ‘wanting’ and energy intake in visceral overweight subjects in the
absence of hunger. Physiol Behav 103: 157–163.
36. Stice E (2001) A prospective test of the dual-pathway model of bulimic
pathology: Mediating effects of dieting and negative affect. Journal of Abnormal
Psychology 110: 124–135.
37. Fernstrom MH, Krowinski RL, Kupfer DJ (1987) Appetite and food preference
in depression: effects of imipramine treatment. Biol Psychiatry 22: 529–539.
38. Macht M (2008) How emotions affect eating: A five-way model. Appetite 50: 1–
11.
39. Bugge BB (2010) Forbidden fruit tastes the sweetest – A study of Norwegians
eating and drinking pattern of chocolate, sweets, salty snacks, soft drinks and the
like. Oslo: National Institute for Consumer Research. 296 p.
40. Ogden CL, Kit BK, Carroll MD, Park S (2011) Consumption of Sugar Drinks in
the United States, 2005–2008. Hyattsville.
41. George GC, Milani TJ, Hanss-Nuss H, Freeland-Graves JH (2005) Compliance
with dietary guidelines and relationship to psychosocial factors in low-income
women in late postpartum. Journal of the American Dietetic Association 105:
916–926.
42. Glade MJ (2010) Caffeine-Not just a stimulant. Nutrition 26: 932–938.
43. Cacioppo JT, Hawkley LC, Crawford LE, Ernst JM, Burleson MH, et al. (2002)
Loneliness and health: Potential mechanisms. Psychosomatic Medicine 64: 407–
417.
44. Baumeister RF, DeWall CN, Ciarocco NJ, Twenge JM (2005) Social exclusion
impairs self-regulation. Journal of Personality and Social Psychology 88: 589–
604.
45. Levine MP (2012) Loneliness and eating disorders. J Psychol 146: 243–257.
46. Masheb RM, Grilo CM (2006) Emotional overeating and its associations with
eating disorder psychopathology among overweight patients with binge eating
disorder. International Journal of Eating Disorders 39: 141–146.
47. Bowen DJ (1992) Taste and food preference changes across the course of
pregnancy. Appetite 19: 233–242.
48. Christensen L, Brooks A (2006) Changing food preference as a function of mood.
Journal of Psychology 140: 293–306.
49. Lafay L, Thomas F, Mennen L, Charles MA, Eschwege E, et al. (2001) Gender
differences in the relation between food cravings and mood in an adult
community: Results from the Fleurbaix Laventie Ville Sante study. International
Journal of Eating Disorders 29: 195–204.
Loneliness, Social Integration and Sugar
PLOS ONE | www.plosone.org 8 August 2014 | Volume 9 | Issue 8 | e104421
